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The. present invention provides an improved process for the production of 
5 Diethylenetrianninepentaacetic acid-bis(anhydride) (DTPA-bis(anhydride)). DTPA- 
bis(anhydride) is an important intermediate used in the production of drug 
substances e.g. for therapy and diagnosis. One such class of commercial products 
are chelants (chelating agents). Chelants such as DTPA-bis-metylamide and DTPA- 
bis (2-metoxyethylamide) are useful as sequestering agents e.g. for metal 

10 detoxification of living humans and animals and non-living matter and as additives to 
a vide variety of products. Chelants are also well known as intermediates for the 
production of metal chelates. Chelates of paramagnetic metals such as gadolinium 
find their use as contrast agents for iWagnetic Resonance Imaging (MRI). Examples 
of commercial products useful as contrast agents for MRI are Omniscan™ of 

15 Amersham Health AS and Optimark™ of Mallinckrodt, Inc. 

Processes for the for the production of DTPA-bis(anhydride) are well known in the 
state of art. 

20 US patent 3660388 teaches a process for the production of bis-dioxo-morphollne 
derivatives. These derivatives conrespond to bls^anhydrides of alkylene amine 
carboxylic acids such as the bis-anhyd rides of EDTA and DTPA. Specifically 
example 9 of this patent teaches the production of N,N-bis(p-[2,6-dioxo- 
morphollnyl(4)]-ethyl)-N-carboxymethylamine, hereinafter denoted DTPA- 

25 bis(anhydride) from DTPA, acetic acid anhydride and pyridine. The reactants are 
stinred for 48 hours at eO^'C or for 5 rninutes at 125°C. The amount of pyridine is 
about 6.5 moles per mole DTPA. 

US patent 4822594 teaches in Example 1 the preparation of DTPA bls(anhydride) 
30 where DTPA is mixed with anhydrous pyridine and acetic anhydride is added. The 
reaction mns for 20 hours at eS^'C. The amount of pyridine is about 6.2 moles per 
mole DTPA. 



35 



US patent 4698263. in coL 12 lines 1 to 7, and US patent 4707453, in col. 1 1 lines 40 
to 46, both describe the same preparation of DTPA -bis(anhydride) from DTPA, 
acetic acid anhydride and pyridine. The reaction is run for 18 hours at reflux 
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temperature under a N2 atmosphere. The amount of pyridine is about 7.5 moles per 
mole DTPA. 

EP 0183760 B1 teaches in Example 1, i), (a) the fomnation of DTPA -bis(anhydride) 
5 from DTPA, acetic acid anhydride and pyridine. The reaction is run for 24 hours at 55 
''C. The amount of pyridine is about 6.3 moles per mole DTPA. 



It is known from the state of art that pyridine is toxic and relatively expensive and that 
there is a desire to reduce the amount of pyridine to a minimum, see US patent 
10 5 508 388, col. 3, lines 23 to 27. It is likewise a desire to use a minimum number of 
reactants, hence the addition of acetonitrile as used in US patent 5 508 388 is not 
desirable. Acetonitrile is poisonous and should be avoided whenever possible. 

The object with this invention Is hence to provide a process for the production of 
15 DTPA -bis(anhydride) which involves a minimum of reactants. In particular the use of 
toxic reactants. should be avoided or reduced to a minimum. It is likewise a desire to 
reduce the use of costly reactants to a minimum. At the same time it is important to 
maintain a high yield, to keep the reaction time and temperature within controllable 
limits and to obtain a product that can be readily used in the next process step. The 
20 product should preferably be obtained without time-consuming purification or in a 
form that can be easily purified for sale or a state feasible for further processing. 

It has surprisingly been found that DTPA"bis(anhydride) can be produced by 
reacting DTPA with acetic anhydride in pyridine under elevated temperature where 
25 the molar amount of pyridine is equal to or less than 6 times the molar amount of 
DTPA. Notably the use of acetonitrile is avoided and the amount of pyridine is 
reduced under the level known from the prior art when DTPA is reacted with acetic 
anhydride and pyridine alone. 

30 The present invention is defined in the patent claims. Specific details in carrying out 
the invention are evident from the specific examples 1 to 3, 5 and 7 herein. 

Production of chelants useful in industry and in particular as therapeutics and 
diagnostics are described in examples 4 and 6 herein. The chelants find use as 
35 sequestering agents e.g. for metal detoxification of living humans and animals and 
non-living matter and as additives to a vide variety of products. 
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The chelant DTPA-BMA of examples 4 and 6 when chelated \A^th Gd^ is the active 
substance in the commercially available MR (Magnetic Resonance) contrast medium 
Omniscan*™ of Amersham Health AS. The production of DTPA-BMA and Gd DTPA- 
5 BMA is further described in US patents 4859451 , 4687659 and 5087439 that are 
hereby incorporated by reference. 

The chelant versetaniide (DTPA-bis(2-metoxyethylamide)) when chelated with Gd^"". 
is the active substance in the commercially available MR contrast medium 
10 Optimark"™ of Mallinckrodt, Inc. The production of Gadoversetamide is described in 
US patent 5508388. 

US patent 3660388 teaches that the bis(anhydrides) are also useful in the curing of 
epoxy groups containing organic compounds. 

In its broadest aspect the invention thus relates to a process for the production of 
DTPA-bis(anhydride) by reaction of DTPA with acetic anhydride in pyridine under 
elevated temperature and where the amount of pyridine is reduced relative to the 
processes known from the state of art. The ratio of the molar amount of pyridine to 
20 the molar amount of DTPA shall be equal to or less than 6. 

In a preferred aspect of the invention the ratio of molar amount of pyridine to the 
molar amount of DTPA is significantly less than 6, for example 5 or 4 or more 
specifically is equal to or less than 3. It is found that the reaction rate becomes only 
25 insignificantly lower at a rate of 3 compared with a rate of 8.1 , and is well, within the 
acceptable area for an industrial process. The content of un-reacted DTPA remains 
low. 

In a further preferred aspect of the invention the ratio of molar amount of pyridine to 
30 the molar amount of DTPA is significantly less than 3i for example about 2 or more 
specifically is equal to or less lhan 1 . Even at this low molar rate the reaction rate is 
acceptable as well as is the content of un-reacted DTPA. It is even ppssible to run 
. the process at a ratio of 0.5, however at this ratio the reaction rate seems to be lower. 

35 The molar amount of acetic anhydride could also be optimized relative to the molar 
amounts of pyridine and DTPA. The. stoechiometric amount is 2 moles acetic 
anhydride per mole DPTA, but it appears that acetic anhydride should be added in 
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excess, more than 7 times the molar amount of DTPA is feasible. More preferred is a 
molar amount of 7 to 5 times the molar amount of DTPA, and even more preferred an 
amount between 5 and 3 times the molar amount of DTPA. The optimum amount 
seems to be about 3 moles acetic anhydride per mole DTPA, although an amount 
5 only slightly higher than the stoechiometric amount of 2 moles is workable. 

A high molar excess of acetic anhydride relative to the pyridine and DTPA content 
seems to lead to a decrease in the reaction rate. Without being bound to theory, one 
can assume that this is due to a dilution effect for the pyridine and DTPA reagents. A 
10 dilution effect seems to be most pronounced at lower pyridine concentrations. 

Hence, in a specifically preferred aspect a molar amount of acetic anhydride of about 
3 times the molar amount of DTPA is used. 

15 In a particulariy prefenred aspect of the Invention the molar amount of acetic 

anhydride is about 3 times the molar amount of DTPA and the amount of pyridine is 
from 3 times to approximately 1 time the molar amount of DTPA. 

The reaction temperature also has impact on the overall reaction rate in the 
20 production of DTPA-bis(anhydride) from DTPA. Conventionally this reaction Is run at 
a temperature from 60*'C to 70**C. It has been found that when the process is run at 
SC'C, the reaction rate increases significantly without an increase in the impurity level. 
The impurity level is even decreased when the process is run at approximately 80*'C. 

25 In a further aspect of the Invention the process for the production of a DTPAt 

bis(anhydride) is performed at a reaction temperature of above 65**C, more preferred 
above 70**C and even more prefenred at 80**C or above. In a specifically preferred 
aspect the reaction temperature Is approximately SO^'C. 

30 In a particulariy prefenred aspect of the invention the molar amount of acetic 

anhydride is about 3 times the molar amount of DTPA and the amount of pyridine is 
from 3 times to approximately 1 time the molar amount of DTPA when the process Is 
run at a temperature of about 80**C. 

35 The invention will now be illustrated further with reference to the following non- 
limiting examples. 
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NIR - Near Infra Red Spectroscopy 
DTPA - Diethylenetriaminepentaacetic acid 
5 BMA.-Bismethylamine 
MMA - Monomethylamine 
h - Hour 
L-^litre 

Wt% - weight percent 
10 All temperatures are in Celsius degrees (*C) 

Example 1 
Preparation of DTPA-bis^anhydride^ 

15 

DTPA (100 g, 0.25 mole), acetic anhydride (various amounts), and pyridine (various 
amounts) were combined in a 1 L, 3-necked flatTbottomed reactor fitted with a 
thermometer, a mechanical stinrer, and reflux condenser cooled with cold water. The 
reactor was fitted with a water jacket, and the temperature in the jacket was 

20 controlled by a water bath. The mixture was heated with stirring to 70°G. Samples 
were taken from the reaction mixture at 0.5, 1, 2, 3. 4, and 5 h after the temperature 
had reached 70°C. All samples were filtered on a Buchner funnel, washed with 
acetonitrile and dried at vacuum. All samples and a sample of the end product were 
analysed by NIR with respect to DTPA content. After 10 h the reaction mixture was 

25 cooled to room temperature. The mixture was then filtered on a BQchner funnel and 
washed with approximately 70 ml acetonitrile. The product was collected and dried 
with vacuum at 50*^0. 

30 Example 2 

Effect of pvridine and acetic anhvdride concentration 

Experiments following the procedure of Example 1 were carried out to optimise the 
reaction with respect to the amount of pyridine and acetic anhydride on the reaction 
35 rate and DTPA content in the final product (Tables 1 and 2). We assumed a first 
order reaction when calculating the reaction rate. 
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Effect of pyridine concentration: 

Fronri the data of table 1 it will be seen that the reaction rate was decreasing vyith 
decreasing pyridine concentration. However, at a reaction time of 10 h the 
conversion was completed for pyridine concentration down to 1.0 mole/mole DTPA. 
5 For the experiment with the lowest pyridine concentration of 0.5 nnole/mole DTPA the 
conversion was not completed after 10 h, and thus, the concentration of DTPA was 
significantly higher for this experiment. A further decrease of pyridine may be 
possible if the reaction time is prolonged and/or the temperature is raised. 

10 Table 1. 

Reaction rate and purity for different pyridine concentration levels. Concentration of 
acetic anhydride was constant forall experiments (3.0 mole acetic anhydride / mole 
DTPA) 



Pyridine amount 
(mole/mole DTPA) 


Reaction rate 


DTPA content 
(wt%) 


8.1 


1.3 


0.85 


• 3.0 


0.91 


0.82 


1.0 


0.63 


0.71 


0.5 


0.39 


2.24 



15 • 

Effect of acetic anhvdride concentration: 

The effect of variations in the acetic anhydride concentration is illustrated in Table 2. 

The optinlised acetic anhydride concentration seems to be 3 moles/mole DTPA. The 
20 stoechlometric amount in the conversion of DTPA to DTPA-bis(anhydride) is 2 

mole/mole DTPA, but it seems that acetic anhydride should be added in slight excess. 

However, a high excess of acetic anhydride leads to a decreased reaction rate, and 

thereby, higher concentration of the raw material in the product. This effect is 

probably because high concentration of acetic anhydride leads to a dilution effect for 
25 the reagents DTPA and pyridine. This dilution effect is observed also for higher 

pyridine concentrations, but it seems to be most pronounced for low pyridine 

concentirations. 

30 
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Table 2. 

Reaction rate and purity for different acetic anhydride concentration levels. 
Concentration of pyridine was constant for all experiments (1.0 mole pyridine / mole 
DTPA) 



5 



Acetic anhydride 


Reaction rate 


DTPA content 


concentration 




(wt%) 


(mole/mole DTPA) 






7.4 


0.39 


2.37 


5.3 


0.45 


3.60 


3.0 


0.63 


0.71 


2.1 


0.54 


3.60 



Table 3 

Summary of the concentration of impurities in the product produced at a molar ratio 
10 of 1 mole DTPA to 1 and 10 mole pyridine and 3 moles acetic anhydride where the 
reaction is run according to Example 1. DTPA-MMA was measured by NMR. 



Concentration of impurities for two pyridine concentration levels 



Molar ratio 


DTPA 


DTPA-i\4MA 


Pyridine 


DTPA:Pyridine 


(wt%) 


(wt%) 


(ppm) 


1.0:10.0 


1.03 


4.4 


0.12 


1.0:1.0 


0.71 


2.0 


. 0.0 



15 

Example 3 
Effect of temperature 
When the reaction of example 1 was run at 80°C the reaction rate showed a 
20 significant increase. At 80''C the reaction rate was 2.0 Yf\ whereas the rate was 0.63 
h'^ when the reaction was run at 70°C. The concentration of impurities was slightly 
lower for the reaction run at 80°C. 
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Example 4 

Synthesis of DTPA-BMA from DTPA-bis(anhvdride^ 
Some of the batches of DTPA-bis{anhydricie) were used to produce DTPA-BMA, 
which is the next step in the process for the production of Gadodiamid. the drug 
5 substance of Omniscan™. Table 4 presents the results for the quality parameters of 
DTPA-BMA from DTPA-bis(anhydride) produced at three different content levels of 
pyridine. Decreased pyridine content generally gave similar content of the impurities, 
and all these impurities were inside the specification for DTPA-BMA. 

10 Table 4. 



Concentration of raw 
material for the DPTA- 
bi.s(anhydride) formation 
(mole/mole DTPA) 




HPLC concentration (area %) 


Pyridine 


Acetic 
anhydride 




DTPA 


DTPA-MMA 


DTPA- 
BMA 


10.0 


3.7 




0.1 


1.05 


98.8 


3.0 


3.0 




0.1 


0.6 


99.3 


1.0 


3.0 




0.1 


0.4 


99.3 



Example 5- 
Preparation of DTPA-bis(anhvdride) 
15 The experiments were run in a 5 L lab reactor, and the batch sizes were increased 
1 0 - 26 fold compared to the previous experiments of Examples 1 to 3. 

The experiments were run at 70 °C for 10 hours, and the acetic acid concentration 
was 3.5 mole/mole DTPA. The pyridine concentration varied from 1.0 to 10.0 
20 mole/mole DTPA. The results from these experiments are shown in table 5. 



25 
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Table 5. 







ConcentratiGn Impurities 


Pyridine 


Batcii size DTPA 


DTPA 


DTPA 


concentration 


(kg) 


(wt%) 


mono(anliydride) 


(mole/mole DTPA) 






(mole %) 


1.0 


2.0-2.6 


1.2 , 


1.3 


3.0 


2.0 


1.1 




5.0 


1.0-2.0 


1.1 


2.0 


7.5 


1.0 


1.2 


1.8 


10 


1.0 


1,4 





This experiment reveals that upscaling of the reaction volume provide DTPA- 
6 bis(anhydride) of good quality. The reduction of the pyridine content does not impact 
the purity of the product measured by Its content of unreacted DTPA and DTPA 
mono(anhyd ride) formed. 



10 Example 6 

Production of DTPA-BMA from DTPA-bis(anhvdride) 

DTPA bis(anhydride) produced according to example 5 was usisd to produce DTPA- 
BMA in ordinary lab scale (batch size: 100 g) and for the reason explained in 
15 Example 4. Decreased pyridine content. generally gave similar content of the 

impur-ities as for a high content of pyridine, and all the impurities levels were inside 

the specification for DTPA-BMA. 

Table 6 shows the results from these experiments. 

20 



25 
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Table 6 



HPLC cxjncentration (area %) 



1 yrivJlilC IWCI III aULII 1 -i\Ji 

the DTPA bis(anhydride) 
formation 


Mssay 
(wt%) 






MMA 


(mole/mole DTPA) 










1.0 


100,1 


0.4 


99.3 


0,3 


3.0 


100,0 


0.1 


99,5 


0,5 


5.0 


99,6 


0,1 


99.6 


0,3 


10 


99,6 


0.1 


99,4 


0.5 



5 

Example 7 

Full scale production of DTPA bis(anhvdride) and DTPA-BMA with reduced pyridine 
10 concentration in the formation of DTPA bis(anhvdride) 

DTPA bis(anhydride) is traditionally produced using a pyridine concentration of 10 
mole/mole DTPA. The batch size is about 800 kg DTPA. Several batches of this size 
were produced with a pyridine concentration of 5.0 mole/mole DTPA. The yield of 
15 DTPA bis(anhydride) Increased by approximately 1 .5 %. The purity of DT PA-BMA 
produced from the DTPA bis(anhydride) obtained were inside normal variation limits. 



20 
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